Introduction
Prehypertension is a latent global but growing public health concern (1, 2) . It is a modifiable precursor of hypertension (2) , which is often associated with cardiovascular risk factors, including obesity, metabolic syndrome, and diabetes mellitus (3) and an increased risk of stroke or cardiovascular disease morbidity and mortality (1) . In previous epidemiologic studies, the prevalence of prehypertension (31.0-48.9%) was shown to be higher than the prevalence of hypertension (18.1-28 .7%) (4-7), and it is rising steadily in the general adult population (6, 8) . Other study has indicated that preventative approaches are effective and valuable for delaying or reducing the progression from prehypertension to hypertension (2) . To develop strategies to control prehypertension, it is important to explore risk factors associated with prehypertension. Growing evidence has shown that risk factors of elevated blood pressure (BP) may differ depend-ing on the sex or age of the individual. One study reported that hypertension had a positive association with age and was more common in women than in men among Iranian population aged 15-64 years (9) . Another literature indicated that alcohol consumption was positively associated with elevated BP in men but not in women (6) . Other literature reported that a positive association of hypertension with alcohol drinking was statistically significant in middle aged men but not in young men (10) . Understanding factors associated with prehypertension by sex and age group is essential for developing tailored blood pressure control programs that meet the specific needs of individuals of different ages and genders. Most previous studies have been limited to certain subject groups (8, 11) , studying solely age or gender but not both. Although several large-scale population studies have analyzed hypertension by gender (6, 7) , very few studies have carried out in-depth analyses of differences in both sex and age risk factors associated with prehypertension. Thus, in this study, we examined risk factors associated with prehypertension by gender and age grouping using a representative sample of the Korean population.
Materials and Methods

Subjects and sampling
Data were obtained from the fifth Korean National Health and Nutrition Examination Survey (KNHANES V, 2010-2012) performed by the Korean Ministry of Health and Welfare. KNHANES V consisted of a health interview survey, a nutrition survey, and a health examination study. The variables used in this study were derived from the health interview and the health examination. The health interview was conducted by trained interviewers using a structured questionnaire following a standardized procedure. The health examination, including anthropometric measurements and BP measurement, was performed by trained nurses. This survey applied a stratified multi-stage clustered probability sampling design of household registries based on geographic regions, sex, and age group to obtain a nationally representative sample of communitydwelling Koreans. In the first stage, 576 national districts were systematically chosen from 201,677 census survey districts based on geographic regions, administration district, and habitation sites (multi-or single-family housing). In the second stage, 20 households were randomly selected in each district, composed of 60 households. All study subjects were household members older than 1 year. Finally, from 11,400 households, 25,534 family members participated in the KNHANES V. The response rate was 80.0%. Of the data from the baseline survey, subjects who were younger than 20 years of age (n = 6140), had missing values for blood pressure (n = 1770), and had been diagnosed or taken antihypertensive medication (n = 5870) were excluded; data from the remaining 11,754 subjects 20 years of age and older (4668 men and 7084 women) were used for these analyses. To produce results that represented the entire Korean population, weights were assigned to each participant in the study"s final sample analyses. The sample weights in the KNHANES V were computed reflecting the multi-stage sampling design and non-response bias adjustments. Detailed information of the survey design and sampling methods has been described elsewhere (11) . The survey was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (KCDCP). Before data collection, all participants provided written informed consent.
Measures
BP measurement
Three consecutive measurements of systolic and diastolic BP were obtained by well-trained nurses using the appropriately sized cuff and the bell of a standard stethoscope, with at least 30 seconds between measurements after the participant had rested for 5 min in a sitting position. The averages of the second and third measures were used for analysis (6) . The participants were classified into normotension, prehypertension, and hypertension according to JNC7 (the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure) (12 
Sociodemographic and health variables
The independent variables used in this study were sociodemographic and health variables. The sociodemographic variables were: age, sex, marital status, educational level, monthly household income, residential area, and occupation. Monthly household income was calculated as total household income divided by the square root of the number of household members. These scores were then divided into quartiles. Health variables included smoking status, alcohol intake, moderate-intensity physical activity, level of psychological stress, body mass index (BMI), waist circumference (WC), diabetes, and family history of hypertension. Alcohol intake was assessed using the question "how often did you drink alcoholic beverage during the previous year?" and was classified into 3 groups (never/once or less in a month/twice a month or more) according to the frequency of alcohol drinking. Moderate-intensity physical activity was assessed using the International Physical Activity Questionnaire and was categorized as "yes" and "no". Moderate-intensity physical activity was defined as participating in any combination of swimming, badminton, table tennis, or any other activity that causes a slight increase in heart rate or breathing for at least 30 minutes per day, 5 days per week (13) . BMI was computed from measured weight and height as weight in kilograms divided by height in meters squared, and participants were categorized into normal, overweight, and obese, following the WHO (World Health Organization) definitions. WC was measured using a tape measure (to the nearest 0.1 cm) at the narrowest point between the lowest rib and the top of the iliac crest. Having diabetes was assessed based on selfreports; participants were asked whether they had ever been diagnosed with diabetes by a physician.
Statistical analysis
To assure nationally representative reporting of the findings, the SPSS complex-samples procedure using stratification variables and sampling weights proposed by the KCDCP (Korea Centers for Disease Control and Prevention) based on the population structure for each survey year was applied for all statistical analyses. Sampling weights were adjusted for population distribution and non-response after the surveys were completed. Characteristics of subjects were summarized using descriptive statistics (frequency and weighted proportions) by sex. Chi-square (χ 2 ) and t-tests were conducted to compare the distributions of sociodemographics and health characteristics between normotension and prehypertension by sex. Multivariate logistic regression analyses were conducted separately by sex and age groups to identify risk factors associated with prehypertension by sex and age. Age was classified into three groups, 20-39, 40-59, and 60+ years. Statistical analyses were performed using SPSS for Windows (version 21.0). All analyses reported were two-tailed, with P < 0.05 used as the significance level.
Results
Among the 11,754 participants, 7084 (60%) were women. Ages ranged from 20 to 91 years, with a mean age at 45.6 years. The overall prevalence of prehypertension was 36.8%. The prevalence rate of prehypertension was higher in men than in women (P < 0.001) ( Table 1) . Table 2 shows the unadjusted and adjusted ORs for prehypertension in the total sample. After controlling for related variables, including age and sex, significant factors increasing the risk of prehypertension were being male, aged 40-59, aged ≥60, having an elementary school education or less education, alcohol consumption, BMI, and WC. We conducted multivariate logistic regression analyses by sex and age groups to identify risk factors associated with prehypertension by sex and age. We observed that the influence of risk factors on prehypertension may differ depending on gender and age. Among both men and women aged 20-39, BMI (men, aOR = 1.14, CI = 1.04-1.24; women, aOR = 1.08, CI = 1.01-1.16) was the significant factor increasing the risk of prehyperten-sion. However, in the women aged ≥60, WC (aOR = 1.04, CI = 1.00-1.07) were positively associated with prehypertension. Among both men and women aged 40-59, age (men, aOR = 1.03, CI = 1.01-1.06; women, aOR = 1.05, CI = 1.02-1.07) was the significant factor increasing the risk of prehypertension, whereas, interestingly, smoking (men, aOR = 0.55, CI = 0.38-0.80; women, aOR = 0.43, CI = 0.24-0.76) showed significant inverse associations with prehypertension. Alcohol intake showed a positive association with prehypertension in only men aged 40-59.
Discussion
The overall goal of this study was to assess the prevalence of prehypertension and explore risk factors associated with prehypertension by sex and age in a Korean population. Here, using KNHANES data from 2010 to 2012, we observed a 36.8% prevalence of prehypertension, which was comparable with the findings of earlier studies conducted in the Ethiopia (37.2%) (4), and the Asia-Pacific Region (38.0%) (5) and lower than those of studies in Vietnam (41.8%) (6), and China (40.5%) (7) . Our data analysis determined a prehypertension rate that was even higher than the 22.9% reported using KNHANES data from 2001 (14) , which showed an increase in prehypertension prevalence among the Korean population. An increase in prehypertension has also been reported in other Asian countries including China and Vietnam (6 8) . Because prehypertension frequently progresses to hypertension and increases risks for cardiovascular disease (2, 3), it is a crucial public health problem that demands more attention. We analyzed the sample separately by gender and age groups since we expected differences in risk factors. In this study, we found that prehypertension was more prevalent in men than in women, which is in agreement with other study (6) . We found that the influence of risk factors on prehypertension may differ depending on the gender/age of the individual. Among men, frequent alcohol consumption was associated with an increased probability of prehypertension, whereas among women there was no significant relationship between alcohol consumption and prehypertension. These results are in line with other studies (3, 6) . However, when further analyzed with stratification by age groups in men, alcohol consumption was positively associated with prehypertension among only middle aged men (40-59 years). Previous studies have reported conflicting results on the association between alcohol intake and blood pressure in different age categories. Some studies showed that the elevating effect on blood pressure of drinking alcohol was statistically significant in men aged 40-69 but not in men aged 20-39 (10) . Other studies have reported stronger associations between alcohol consumption and blood pressure in younger subjects (15) . An interesting finding of this study was that the risk of prehypertension was significantly decreased in current smokers than in ex-smokers and nonsmokers, inconsistent with the results of previous finding that smoking is a major risk factor of hypertension and prehypertension (6) . A possible explanation of this may be due to the negative correlation of smoking and BMI (16) , which in turn leads to lower BP. It is possible that at first, a vasoconstriction mediated by nicotine could lead to acute increase in systolic BP. Subsequently, the chronic depressant effects by nicotine may lead to lower the BP, as has been suggested previously (17) . An inverse association of smoking and prehypertension has also been observed in the results of existing study in other populations (8) , but the reason for this association is still unclear and controversial. More research is needed. We observed gender and age differences in the association between BMI, WC, and prehypertension. This finding was line with other study reporting that among younger Chinese men aged 18-44 years, BMI had a stronger association with elevated BP than WC, whereas in elderly men, the correlation is the reverse (7). The associations between BP, BMI, and WC have been reported to be different. In some literature, WC had a stronger association with BP than did BMI (18) . In other literature, BMI was a more superior predictor of elevated BP than WC (19) . Our study showed that WC may be a better index than BMI for predict-ing prehypertension in Korean women aged ≥ 60, whereas for young Korean men and women, it is the reverse. Physical activity was inversely related to prehypertension in women aged ≥ 60 only but not in men and women of other age groups. This finding is similar to a study among adults aged 60-78 reporting that physical activity was significantly associated with lower blood pressure in women but not in men (20) . Most studies indicate that regular physical activity improves cardiovascular function and can help lower blood pressure (6, 21) . However, only a few studies have focused on how physical activity at various ages is associated with blood pressure by gender. One study among the oldest old age ≥ 85 population reported no significant association between physical activity and cardiac function in men and women (22) . Another study on the long term effect of physical activity among 6,410 men reported that physical activity in middle age decreased metabolic syndrome including hypertension in old age (23) . More research is needed to determine whether the effect of physical activity on blood pressure differs by gender and age. This study has several limitations. First, our study was based on a cross-sectional survey, and any causal inference from the identified associations cannot be allowed. Second, the diabetes and household income were measured by self-report. The use of a self-report measures rather than medical confirmation of diagnoses for diabetes may lead to measurement error. Self-reporting of household income may be incomplete and raise reliability concerns because survey respondents are often unwilling to reply to a direct question about income (24) . Finally, our data on prehypertension were obtained from 3 consecutive measurements during 1 visit, whereas ≥ 2 visits after an initial screening are recommended according to the guidelines set by the World Health Organization. Nevertheless, other large population-based studies have also used single visits (6) (7) (8) , and for that reason, our findings are suitable for comparison with other data. Despite these limitations, this study has several strengths including its large size and the nationally representative sample of men and women.
Conclusion
In this study of 11,754 Korean adults aged 20-91 years, we observed that that 36.8% of individuals who do not have a diagnosis of hypertension have prehypertension. To our knowledge, this is the first report to examine risk factors associated with prehypertension and to illustrate how these associations are differentially modified by sex and age in a Korean adult population using nationally representative data. In this study, we showed that different sex/age groups may have different patterns of risk factors associated with prehypertension. Therefore, it is important to consider sex and age differences when designing interventions for controlling BP and reducing prehypertension in community-based individuals. More research is recommended to investigate the mechanisms explaining sex and age differences and their association with risk factors of prehypertension and to confirm and extend the findings of this study among racially and ethnically diverse populations.
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